We have observed visible photoluininescence from hydrogenated amorphous silicon nitride (a-SiNx:H) as well as the enhancement and inhibition of this photoluniinescence in a microcavity formed with metallic mirrors. The a-SiNx:H was grown both with and without ammonia. The photoimninescence of the a-SiNx:H grown without ammonia is red. The photoluininescence of the a-SiNx:H grown with anunorna is blue-green. In this paper, we report on the enhancement and inhibition of the photoluminescence from a half wavelength thick dieleciric a-SiNx:H microcavity. The distributed Bragg reflector mirrors were fabricated using alternating pairs of quarter wavelength thick silicon oxide and silicon nitride. The photoluminescence is enhanced by at least an order of magnitude at the dielectric a-SiNx:H microcavity resonance at 710 nm. The minimjm resonance linedth is 6 mn, which coffesponds to a quality factor of 1 18. The maximum rejection bandwidth is 150 n.m. The enhancement and inhibition of the photoluminescence is understood by the modified photon density of states of the dielectric microcavity. The linewidth of the photolun,inescence is also narrowed with respect to the linewidth of the bulk a-SiN:H, again due to the presence of the electromagnetic modes of the dielectric microcavity. The resonance enhancement and inhibition of the photoimninescence in a-SiN:H opens up a variety of possibilities for optoelectronic applications such as color flat panel displays or active resonant cavity enhanced devices for wavelength division multiplexing.
INTRODUCTION
The possibility to control the emission properties of materials with the use of optical microcavities is continuing to attract the attention ofthe photomcs mmunity"2 Optical inicrocavities can now be realized in solid state systems such as organic materials3
semiconductors.4 Semiconductor inicrocavities are used in resonant cavity enhanced (RCE) optoelectronic devices, which are wavelength selective and ideal for wavelength division multiplexing (WDM) applications.5 The simple planar Fabry-Perot resonator is the most widely used geometiy in semiconductor microcavities.6 As they alter the optoelectronic properties ofphotonic gain media, semiconductor microcavities can be used in veiy low threshold lasers and very efficient light emitting diodes (LED's)? Semiconductor microcavities have been used in the realization of the low threshold vertical cavity surface emitting lasers (V8'9 external-cavity surface emitting lasers,10 microdisk and microwire12
Semiconductor niicrocavities have also been used in efficient RCE light emitting diodes.
EFFECT OF THE MICROCAVITY
The cavity alteration of the spontaneous emission was first proposed for radio 14 the optical microcavity alteration of the spontaneous emission was proposed15 and observed in organic microcavities.16 Alteration of spontaneous emission in semiconductor microcavities was also observed17 and calculated.18 , weac coupling (of the photon and exciton modes) regime, the cavity mode linewidths are smaller than the exciton linewidth. The spontaneous emission spectrum is altered due to the redistribution of the density of optical modes by the presence of the microcavity.
However, in the strong coupling (of the photon and exciton modes) regime, the cavity and exciton linewidths are comparable, and (vacuum RaN) splitting of the cavity and exciton modes occurs.19 The strong coupling in optical microcavities was also proposed.2° This was followed by the observation1 and the theoiy22 of strong coupling in semiconductor microcavities.
PHOTOLUMINESCENCE OF AMORPHOUS SILICON
Semiconductor microcavity effects (in the weak coupling regime) have also been applied to porous silicon (it-Si) after the observation of room tempeiature visible photolunñnescence (PL) made ic-Si a potential optical gain medium.23'24 Microcavity controlled PL in it-Si has been observed experimentally25'26 and calculated theorelically.27 Microcavity controlled PL has been observed in vt-Si inorganic-organic structures,28 as well as SiJSiO superlattices.29 Microcavity controlled electroluminescence (EL) of it-Si has also been reported.3o ' 
MICROCAVITY EFFECTS ON THE PHOTOLUMINESCENCE OF AMORPHOUS SILICON
We have also observed the enhancement of PL in a planar a-SiN:H microcavity realized with metallic mirrors.36 The aSiN:H used in the microcavity can be grown both with and without ammonia (NH3). For the Si rich samples (grown without NH3) the PL is in the red-near-infrared part ofthe optical spectrum, while for the nitrogen rich samples (grown with NH3 and annealed at 800° C) the PL is in the blue-green part of the optical speciriim.' while the exact mechanism of the occurrence of the PL in bulk a-SiN:H is still under discussion, we have suggested in Ref. 37 the use of a quantum confinement model.38 There, it was proposed that, our samples consist of small a-Si clusters in a matrix of a-SiN:H. The regions with Si-H and Si-N, having larger energy gaps due to strong Si-H and Si-N bonds, isolate these a-Si clusters, and form barrier regions around them. The PL originates from the a-Si clusters. In this paper, we report the control of PL in an During the growth of the microcavity, first, the bottom DBR was deposited by PECVD on the silicon substrate using 14 pairs of ?J4 alternating layers of aSiN:H (with refractive mdcx = 1.72 and metric thickness = 104 5 am) and aSiO:H (with refractive index = 1.45 and meiric thickness = 124 6 nm). For the nitrogen rich a-SiN:H deposition, ammonia (NH3) with a flow rate of 10 sccm, and 2% silane (SiH) in nitrogen (N2) with a flow rate of 180 sccm were used. For the aSiO:H deposition, nitrous oxide (N20) with a flow rate of 25 seem, and 2% SiH in N2 with a flow rate of 180 sccm were used. After the deposition ofthe bottom DBR, a X/2 layer of silicon rich a-SiN:H (with refractive index = 2.03 and metric thickness = 163 8 mu) was deposited. For the silicon rich a-SiNx:H deposition, only 2% SiH in N2 with a flow rate of 180 sccm was used. Afterwards, the top DBR was deposited, using 14 pairs of X14 alternating layers of a-SiO:H and a-SiN:H. The radio frequency (RF) power was 20 W, and the deposition chamber pressure 1 Torr during the continuous deposition process. Figure 3 shows a scanning electron inicrograph (SEM) of the a-SiN:H microcavity. The dark X/4 layers are nitrogen rich a-SiN:H, while the bright AJ4 layers are a-SiO:H. The central X12 layer of silicon rich a-SiN:H also appears bright 6. RESULTS AND DISCUSSION Figure 4 shows the measured (solid curve) and the CalCUlated (dotted curve) room temperature reflectance spectra of the aSiN:H microcavity. The room temperature reflectance measurements were made at 0° with respect to the surface normal with a resolution of 0. 1 nm. There is good agreement between the measured and the CalcUlated reflectance spectra. There is a microcavity resonance at 710 ma with a linewidth of A2 = 6 ma and a quality factor of Q = 1 18. For calculating the reflectance spectra a transfer matrix model (FMM) was used3 In tiiis model, we used the structure of the microcavity depicted in the schematic of Fig. 2 . The stop bandwidth was estimated to be 150 tim, and the resonance linewidth was estimated to be 6 mu, both of which are in agreement with the experimentally observed results. Fig. 4 The measured (solid curve) and calculated (dotted curve) reflectance spectra of the a-SlNR microcavity. Figure 5 shows the room temperature spectrum ofthe a-SiN:H microcavity. PL The room temperature PL spectra were also measured with a resolution of 0. 1 mu. The PL spectra were later corrected for the responsivity of the spectrometer and the photomultiplier tube. An Ar laser with a wavelength of 514.5 tim and a power of 150 mW was focused with a 15 cm focal length cylindrical lens on the samples. The PL spectra were taken at 0±3.6° with the laser at 30° with respect to the surface normaL During the PL measurements the temperature of the sample is not controlled and there might be local heatin& which reduces the PL efficiency, and broadens the PL linewidth. However, local healing would not considerably affect the general shape and features of the a-SiN:H gain spectrum. As seen in the PL spectra, even though there might be local heatin& we are observing strong PL from the sample. There is good agreement between the reflectance spectrum ofFig. 4 and the PL specirum ofFig. 5.Both the reflectance and the PL spectnl show a microcavity resonance at a wavelength of 710 nm. This resonance has a linewidth ofAX =6 nm and a quality factor of Q = 118. The PL is enhanced by the inicrocavity resonance, which correlates well th the minimum of the reflectance spectrum. in order to clarify the effect ofthe microcavity and to demonstrate its advantages with respect to the bulk a-SiNx:H, we can compare the PL of a X/2 thick layer ofbulk a-SiNx:H ( Fig. 1) with the microcavity PL spectrum (Fig. 5) . The comparison of the spectra in Figs. I and 5, which were obtained under the same experimental conditions, shows that the effect of the microcavity is twofold. First, the wide PL emission band (240 nm) is strongly narrowed to 6 nm. Second, the resonant enhancement of the peak PL intensity is more than one order of magnitude with respect to the emission of the 2J2 thick layer of bulk a-SiNx:H. In addition by choosing the appropriate width ofthe a-SiNx:H aclive layer and DBR's it is possible to select the emission wavelength of the inicrocavity by taking advantage of the broad spectral emission of the a-SiNx:H active layer.
CONCLUSIONS
In conclusion, we have demonstrated that a-SiN:H microcavities with DBR mirrors can be successfully realized by PECVD. The PL ofthe a-SiNx:H is both narrowed and enhanced at the microcavity resonance with respect to the PL of the bulk a-SiNx:R This narrowing and enhancement ofthe PL can be understood by the redistribution of the density of optical modes due to the presence of the inicrocavity. The niicrocavity narrowing and enhancement of luminescence in a-SiN:H opens up a variety of possibilities for optoelectronic applications such as color flat panel displays or active resonant cavity enhanced devices for wavelength division multiplexing. 
